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Available MP Options in FV3GFS

Thompson 2008/2014
Jha0 & Carr GFDL MG1/MG2/MG3 p( double)
MP (double)
. qv, ql, qi, gs,
prognositic qv, qc (water or qv, ql, qi, qs, (l(v’rqh;nl’sq:;)“ qr, qg, ni, nr (2008) + nc,
variables ice) qr, qg qan It 45, nwfa, nifa (aerosol-
Aerosol aware
aware)
condensation Sunqvist et al . MG2008, MG2015, Yau and Austin (1997),
and evaporation (1939) Lin, et al (1983) Barahona et al 2014 Thompson and
P Eidhammer(2014)
mixed-phase . :
clouds No (simple ice) yes yes yes
no storage in the p—
T : . qc and qi sediment n -
precipitation air and qL,qr,qs.2q Sertioallaoloudiand qi, qr, gs, qg sediment
sedimentation instantaneous |sediment vertically Y vertically (ql),

fallout

precip)




Thompson MP Winter Experiment Statistics VS Zhao & Carr MP

= 20170105—20170228

1. GFS14: Current operational GFS with Zhao & Carr MP (nemx)
2. FV3GFS: Forecast only experiment; FV3 dycore with default GFS14 physics and
Zhao & Carr MP
3. FV3TH: Forecast only experiment; FV3GES + Thompson MP (replaces Zhao &
Carr)
* Cloud species are fed into corresponding categories in the radiation; Particle
effective radn calculated in the Thompson MP are used 1n the radiation
e Ice number associated with the detrained cloud ice from deep and shallow
convection 1s added to the total ice number
* Snow is treated as ice in cloud cover calculation 1n radiation
* Cloud drop number over land (300 /cm”3) 1s used.
* Ice nucleation super-saturation requirement 1s relaxed.
 Rhc is used in the cloud condensation and evaporation



FV3TH: Cloud and Precipitation Cross Section
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Cont. U.S. Winter 2017 Precipitation Skill Scores: Forecast hours 12-36
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Cont. U.S. Winter 2017 Precipitation Skill Scores: Forecast hours 36-60

Equitable Threat Score
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USW at TOA (201701 monthly mean)
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500 hPa Height AC

AC: HGT PSO0 GR2/NHX 00 Z, 20170106—-20170228

AC: HAT PS500 G2/SHX 00 Z, 20170105-20170228

1
0.9 1
091
0B84 - NEMSRN Qaa. (GFS]'4
— FV3Les 33. (FV3GF ) 084 RO
0.7 —— Evacrozrizf 33, (FV3TH) FV3LeS 33. G |-?
0.74. —— FY3GTOZRL2F 39, (FV3T )
0.8 1
081
3 0.5
0.4 oad
0.3 aad. ... o
0.021 - Difference w.r.t. NEMSRN (G FS 14) 00164 D;ftgrenoe: w.r.t, NEM‘SRNV (G F314) 7 //,_,,—#\
FV3GFS » FV3GFS A N
FV3TH N N AL Y
0.007 - 0 S j“:::.\ ' N/ I N/
: N ¥ d
» LN ]
O Tac aiterences outitas ot onknd vate | 1T 11 1 m0.0081 " ditterences cutslde of cutime bars | T 1 | | | 11
ore smignificant at the 95% confidenoe level S =2 gigniﬁoe:,; at the 95% ;;nﬁdenae L‘:.‘: 152 240

Q 48 28 144

Forecast Hour Forecast Hour




Summary of Winter Experiment

1. FV3TH generated significantly better USW at the TOA than the FV3GFS.
2. FV3GFS and FV3TH produced significantly better precipitation ETS score than the
operational GFS.

3. FV3GFS and FV3TH produced better 500 hPa height AC scores.




Comparison of MPs in the FV3GFS

1. Experiments:

* GFDL: FV3GFS with GFDL MP (current parallel, used as control) replacing
Zhao and Carr MP.

« THOM: FV3GFS with Thompson MP replacing Zhao & Carr MP. FV3TH plus
negative tracer correction 1s applied. Mass conservation is ensured. All tracers are
mixing by PBL scheme including rain, snow and graupel.

 MG2: FV3GFS with MG2 replacing Zhao & Carr MP

2. Experiment period: 20160101 to 20170629 every 5 days
3. Forecast only. ICs were converted from ICS of the operational GFS.
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Low Cloud Cover
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Middle Cloud Cover
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High Cloud Cover
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TOA OLR
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TOA UP SW
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Surface Down SW
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Forecast Hour

Forecast Hour
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Precipitation ETS and Bias scores-FH36-60
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500 hPa Height AC at FH120
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Temperature Cross Section

Teamp (K), 00Z—Cvyec 01Jan2018 —22Jun2017 Mean
Feoast—Hour #1120

GFDL __GFDL - analysis

C~Xh QW

OCC OC O-XN W
[alaapaloala ajalal

=05 Ks TV

[y

THOM - GFDL THOM - analysis
< = &

MG2 - GFDL

nNe o QOO Q0 Q-1 DI

QO CO O-Kn Wi =

[y
O=IM Lo =

COoO0 OO0 OO N
RO 00 QOO CQ QO~XN ATy w

-
O AN =

20N 60N B80W03 608 208 EQ 30N B80N 90N
=

-1 -Q5 -0.1 0.1 Q.5 1

3 4




2M Temperature
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Summary

1. Compared with CERES, FV3GFS with all MPs produced too much OLR at TOA
(THOM is closest to CERES), too little outgoing SW radiative flux at TOA (the
least with MG2), and too much downward radiative flux at the surface (the
most with MG2).

2. The THOM generated overall better precipitation ETS score than the GFDL MP,
especially in the first 4 days of forecasts. MG2 also produced better
precipitation ETS score in the same period for most range, but worse in the
light and most intense precipitation ranges than the GFDLM MP. GFDL MP
produced the best precipitation ETS score for the long lead forecast range.

3. GFDL MP and Thompson MP produced comparable 2m temperature
forecasts. Over Alaska Thompson MP produced better 2M temperature
forecasts.
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Mid-Level and Low-level Cloud Fractions
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TOA OLR (2016011-201/01)
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TOA USW (201611-201701)
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SFC DOWN LW (201011-201/01)
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